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REMOVAL OF THE POINTED TIPS ON THE SUBSONIC STATIC
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TRIANGULAR WING IN COMBINATION WITH A FUSELAGE

By Williem E. Palmer

SUMMARY

A wind-tunnel investigation was conducted to determine the effects
on 1ift, drag, and pitching moment of a reduction of the thickness ratio
of a 60° triangular wing from 6 percent to 2 percent at Mach nunbers

from 0.15 to 0.40 and Reynolds numbers from 0.9 X 106 to 9 % 106. Inves-
tigated, in addition, were the effects of the removal of tThe outer
24 .9 percent of the span of the 6-percent-thick wing through a range of

Mach nunbers from 0.40 to 0.85 at Reynolds numbers from 3 X 10% to 6 x 108.
Angles of attack ranged from -4° to 36° for all tests except where limited
by tunnel choke,

The results of this investigation show that either a reduction of
thickness ratic or the removal of the tips produced an increase in drag
due to 1ift, a reduction in values of maximum lift~drag ratio, and a less
negative variation of pitching-moment coefficient with 1ift coefficient
at moderate angles of attack. The variation of 1lift coefficient with
angle of attack at zero lift was reduced by removal of the wing tips,
but was not affected by the reduction of thickness. Drag due to 1lift was
seen at low speeds to be dependent on the Reynolds number based on the
wing leading-edge radius; however, at high subsonic Mach numbers, Reynolds
number effects on drag due to 1lift decreased. Irregularities observed in
the 11ft and pitching-moment curves of the 6-percent-thick delta wing at
a 1ift coefficient of epproximately 0.4 and Mach numbers of 0.60 to 0.85
were eliminated by the removal of the polnted tips.

INTRODUCTION

The high-strength characteristics of wings with triangular plan
forms permit the use of very thin airfoil sections which provide low
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minimim-dreg characteristics at supersonlc speeds. The small values of
leading-edge radius associated with thin wings, however, are known to
result in poor drag-due-to-lift characteristics at subsonic speeds. In
order to provide quantitative informatlon on the effects of both wing
thickness and Reynolds number at subsonlic speeds on the drag as well as
on the 1ift and longitudinal stabillity characteristics of delta plan
forms, an investigation was made in the Langley low-turbulence pressure
tunnel of two delta-wing—~fuselage combinations. Each configuration had
a wing with leading-edge sweepback of 60°, an aspect ratio of 2.31, and
a taper ratio of zero. One wing had NACA 65A006 airfoil sections and
the other had NACA 65A002 airfoll sections parallel to the plane of
symmetry. Tests were made through a range of angle of attack from -2°

to 36° at Reynolds numbers from 0.9 X 106 to 9 x 106 and at Mach numbers
from 0.15 to 0.85 for the 6-percent-thick wing and 0.15 to 0.40 for the
2.percent-thick wing. Date at higher subsonic Mach numbers for the
2-percent-thick wing are available in reference 1.

One of the problems involved in the use of thin delta wings of con-
stant percentage thickness is the difficulty associated with construction
of the pointed tips because of the very small absolute thickness of these
sections. Recent (unpublished) free-flight tests of thin delta-wing
models have indicated also a tendency for the tip sections to flutter.

To determine, therefore, the effects on the static aerodynamic charac-
terlstics of removasl of the pointed tips, tests were alsc made on a
third wing having the alirfoil sections of the 6-percentfthick wing but
with the plan form modified by removel of the outer 24.9 percent of the
span. The resultant plan form was one having 60° sweepback of the
leading edge, an aspect ratio of 1.39, and a taper ratio of 0.249, Tests
were made through a range of angle of attack from -4° to 36° at Reynolds

numbers from 3 x 100 to 6 x 10° and Mach numbers from 0.40 to 0.95.
SYMBOLS

The symbols used in the present paper are defined as follows:

A agpect ratio

b wing span, ft = -
Cp drag coefficlent, D/qS

Cpg drag coefficient at zero 1lift

Cy, 1ift coefficient, L/qS
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C meximum 1ift coefficient
Lmax

Cp pitching-moment coefficilent, M, /)_L/qS'c'

Q1

b/2
wing mean aerodynsmic chord, g f c2dy , It

]
D drag, 1b
L 1ift, 1b
M Mach number
Mz /b pitching moment about 0.25¢ point, ft-1b
. 1 v2
q free-stream dynsmic pressure, ZoV-, 1b/sq £t
R Reynolds number based on ¢
R, Reynolds number based on r
r wing leading-edge radius at the mean serodynamic
chord, ft
5 total wing area, sq ft
v free-stream velocity, ft/sec
a model angle of attack, deg
) free-stream mass density, slugs/cu ft
(L/D) pax maximum value of lift-drag ratio
CL(L/D) value of Cr, at which (L/D) occurs
max
2 % - %,
ACDI Cy, drag-due-to-1ift factor, —-—2—-
CL

——
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APPARATUS AND PROCEINRE
Tunnel

The tests were conducted in the Langley low-turbulence pressure tun-
nel described in reference 2. Independent varigstlons in Reynolds number
and Mach number can be obbtained by means of varistions in tunnel stagna-
tion pressure from 1 to 10 atmosphereg in air and from 1/5 to 1 atmos-~
phere in Freon-12. Mach numbersg up. to tunnel choke can be obtained with
the use of Freon-12 as a testing medium. All data obtained in Freon-12
were converted to equivalent air data by the methods of reference 3.

Models

Three full-gpan wing-fuselage configurations were investigated. The
first two wings were of delta plan form with 60° sweepback of the leading
edge (A = 2.31); one wing had NACA 65A006 airfoil sections and the other
had NACA 65A002 airfoill sections, both parallel to the plane of symmetry.
Airfoll ordinates are given in table I. The third wing was identical to
the 6-percent-thick delta wing except that the outer 24.9 percent of the
span was eliminated to form a wing with 60° sweepback of the leading edge,
an aspect ratio of 1.39, eand e teper ratio of 0.249. The tips of this
wing were formed by revolution of the thickness distribution sbout the tip
chord. Additionsl detalls of the models are given in figure 1. Figure 2
1s & photograph of the clipped-tip model installed in the wind tunnel.

The 6-percent-thick delts wing was solid aluminum and the other two
wings were solid steel. All wings were attached to the fuselage with the
tralling edge located 27.9 inches behind the fuselage nose. In this
arrangement, the quarter-chord point of the mean serodynamic chords of
the two delts wings was located adjacent to the maxinmum diameter of the
fuselage, and that of the clipped wing was 0.4 inch forward of the maxi-
mun dismeter of the fuselage. a '

The hollow steel fuselage, the ordinates of which are given in
table I, 1s a body of revolution of fineness ratio 10 reduced from 12
by cutting off the rear end.

Each model was sting-mounted in the tunnel as shéﬁn in figure 2.
Force and moment measurements were taken by use of an electrical-type
strain-gage balance housed within the model fuselage.

Tests

Tests were made through an angle-of-attack range of approximately -4°
to 36°. The Reynolds numbersg and Mach numbers investigated for each con-
figuration are shown in figure 3. Points in this figure are divided into

¥ cotwropnrry
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groups in order to define more clearly the range of comparison. Groups 1
and 2 represent data that show the Mach number effects at two Reynolds
numbers for the 6-percent-thick delta wing. Tests of groups 3 and k4
show the Reynolds number effects &t two Mach numbers for the 2-percent-
thick delta wing. Group 5 represents tests that show the effects of
reducing the thickness through the Reynolds number and low Mach number
range. Data represented by groups 2 and 6 show the effects of removing
the pointed wing tips through the Mach number range investigated. Tests
at Mach numbers greater than 0.4 were made in Freon-12.

Lift, drag, and pitching-moment were obtained at each test condition.
Accuracies of the associated coefficients are estimated to be approximstely
+0.01, t0.001, and %0.003, respectively, for most of the test data; how-
ever, the random errors for the lowest Reynolds numbers, and correspond-
ingly low dynamic pressures, are approximstely twice as large. The
accuracy of the angle-of-attack mechanism has been found to be spproxi-
mately +0.1° in the most insccurate condition.

Calculations based on static loadings indicate that for the thinnest
wing et meximum 1ift the angular deflection resulting from aerodynamic
loads is less than 0.2°. It is concluded, therefore, that aseroelastic
effects on all wings tested are negligible,

Corrections

The effects on Mach number and dynamic pressure of constriction of
the flow by the tunnel walls were teken into account by a method based
on informstion presented in references 4 and 5. Angles of attack and
drag coefficients were corrected for the effects of boundary-induced
upwash by the method of reference 6. Angles of attack have alsc been
corrected for support deflectlon resulting from load.

Because the balance system was an intermal one, no forces were
meagured on the support sting, and the only serodynamic tares were due
to the interference effect of the sting support on the model. An Inves-
tigation of the sting tares made for the present configuration and the
results of reference 7 indicate that for low angles of attack the only
megsurable effect of the sting on the model characteristics was on the
drag. At high angles of attack, however, the sting can affect the lift
and pitch as well as the drag. Because of load limitations of the sting-
tare arrangement, sting teres at high angles of attack have not been
obtained. In an effort to avold these unknown sting tares, fuselage-
alone data from reference 8 have been algebraically subtracted from the
basic wing-fuselage data, thereby leaving 1ift, drag, and pitching-
moment coefficients of the wing plus interference. The percentage change
in dreg coefficient that results from the increment in base pressure due
to installetion of the wing on the fuselage was found to be negligible.
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In order to provide quantitative information on drag due to 1lift
and meximum lift-drag ratios for the wing-fuselage configurations
investigated, the drag deta were adjusted to a condition at which the
statlc pressure at the fuselage base was equal to free-gtream static
pressure. All plots of drag due to 1i1ft and maximum lift-drag ratio
presented herein represent data that have been adjusted to this
condition.

RESULTS

Data showing the effects of reducing the wing thickness and of
removing the polnted tips have been presented separately for conven-
ience. The data are presented as indicated in the following table:

Figures
Effect of reducing the thickness:
Basic dat@ « « ¢ o ¢ 4 ¢ 4 0 e e 4 e e e s s s e s s e s s htob
Liftecurve 8lope . . ¢« & ¢ o o ¢ o o o s o s o o o o o o o 2 e o« T
Maximum 1ift coefficient . . &« ¢ ¢ ¢ ¢ ¢ o ¢ ¢ o o o o s o o o & 8
Static-stebllity parameter . . « « ¢ &+ ¢ 4 ¢« ¢ ¢ ¢« 2 0 e 0 e s 9
Drag due 60 LAt o v & 4 o ¢ o o o o o o o o o« o o s 2 o = s o s & A0
Maximum lift-drag ratio . « « ¢ ¢« ¢ o o ¢ ¢ o o o« o @ B I
Effect of removing the tips:
Bagic data . « ¢ ¢ ¢ ¢ o 0 d 0 e 0 e e s .« . . . . -
Lift-curve slope . . . e« s s s s s s s 8 s s e s e e o« o 13
Static-stability parameter e
Drag due to LIFE . & v ¢ v v 4 o ¢ o ¢ « o o s o o o s s s 0 o o 15
Moximum 11ftedrag Tat10 « v o o o ¢ o o o o o o o o ¢ o 0 o .« . 16

In the following discussion, any reference to a wing will pertain
to the wing plus interference. The pltching-moment coefficients pre-
sented for the three wing configurations are referred to the quarter-
chord point of thelr respective mean aerodynamic chords,

DISCUSSION

Several investigations have been made of the nature of the air flow
about swept wings having small leading-edge radii (refs. 9 and 10, for
example) It is believed that a brief review of some of the more impor-
tant results of these studies will aid in the interpretstion of the
results obtained during the present investigation.

SRy
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It has been shown thaet, for airfoll sections or wings having small
leading-edge radii, the flow is characterized by a separation at the
leading edge, beginning at low angles of attack, and the separated flow
generally reattaches to form a "bubble.” The magnitude of this separa-
tion bubble 1s markedly affected by leading-edge radius and Reynolds
number and increases with a decrease in either peremeter. For wings
swept back more than approximately 35°, the separated flow tends to
coalesce toward the tip, resulting in the formation of a cone-shaped
vortex, the core of which lies along a line passing through the leading
edge at the root chord and is swept back slightly more than the wing
leading edge. As the angle of attack is increased, the size of the
separation vortex and the sweep angle of the vortex core increase, the
rate of increase belng greatest at low angles.

The separation bubble reduces the leading-edge pressure peak, and
if it extends over only a portion of the chord, the upper surface pres-
sures become more negative in the region of the bubble behind the imme-
diate vicinity of the leading edge. The net result is to increase the
1ift and move the section center of pressure to the rear as compared
with the condition where no leading-edge separation exists. This effect
has many times been described as a camber effect. Reduction of the
pressure peeak and increase in 1ift combine to produce greater dreg.
When the vortex cone angle increases sufficiently, the rear extremity
of the separation bubble passes off the talling edge of the tip chord
and the tip section experiences complete separstion and corresponding
loss of 1lift. As the angle of attack 1s inereased further, the cone
angle continues to increase so that the inboard boundary of the com-
pletely separated region moves toward the wing root. With these facts
in mind, it can be seen that changes in the aerodynamic characteristics
due to certasin changes in wing parameters can be related to the effects
of the vortex formation over the wing.

Effects of Thickness

Lift characteristics.- Presence of the vortex-type flow is indicated
in figures 4(a), 5(a), and 6(a) by the increase in lift-curve slope at
8 1ift coefficilent of approximstely 0.1 for the thinner wing and at
higher 1ift coefficients for the thicker wing as would be expected because
of its larger leading-edge radius. After the initial increase in slope,
the 1lift curves are roughly parallel up to the approach of stall
(fig. 6(a)), indicating that the progress of the vortex over the mid-
semispan sections 1s about the same for the two wings. As seen from
figures 4(a), 5(a), 6(a), end 7, the effects on 1ift of increasing the

Reynolds number from approximstely 1 X 106 to 9 X 106 are, in general,
small for angles of attack below wing stall.
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The liff-curve slopes at zero lift and low speeds are epproximately
the same for both wing thicknesses through the range of Reynolds number
investigated (fig. 7). Data of this report and those of reference 1
indicate that the lift-curve slopes at zero lift increase at the higher
Mach numbers, the Iincrease being slightly greater than that predicted by
theory (ref. 11).

The slight irregularity in the 1lift curve of the 6-percent-thick
wing at & 1lift coefficient of about 0.4 and Mach numbers of 0.6 to 0.85
(rig. 4(a)) is also apparent in the data for the 2-percent-thick wing
as reported in reference 1. Discussion of the probable flow phencmena _
assoclated with this irregularity is presented in the section on pitching
moment .

At low Mach numbers (M < 0.3), values of CLmax Increase for the

6-percent-thick wing from 1.10 to 1.20 as the Reynolds number is

increased from 1.6 x 108 to 9.3 x 100 (fig. 8(a)). Although the varia-
tion of Cp with R i1s somewhat erratic for the 2-percent-thick

wing, figure 8 indicates a tendency for the values of Ct to be

higher for the 2-percent-thick wing than for the 6-percent-thick wing
&t Reynolds numbers less than 2 X 106 and lower at Reyﬁolds numbers
greater than 2 x 106. Both wings indicate a decrease in CLmax with
increase in Mach number (fig. 8(b)).

Pltching-moment characteristics.- The pitching-moment data in fig-

ures 4(b), 5(b), and 6(b) show a forward shift in aerodynamic-center
position at values of Cp at which the increase in lift-curve slope

was gpparent. The previous discussion of the effects of the vortex
flow shows that two changes in loading teke place on the wing which pro-
duce opposing effects on the aerodynsmic-center location: (1) the cam-
ber effect, which results in a rearward shift in sectlon loading, and
(2) the loss of 1lift at the tip sections as the vortex moves inboard.

Tt is obvious from the data of figures 4(b), 5(b), and 6(b) that the
tip separation has a more pronounced effect -on the pitching moments
even though the camber effect 1s sufficilient to cause an increase in
lift-curve slope. As would be expected, the shift in aerodynamic cen-
ter begins at a lower angle of gttack on the thinner wing.

At Mach numbers sbove 0.6, the forward movement in aerodynamic-
center position for the 6-percent-thick wing becomes much more rapid
with increasing 1ift coefficient at & 1lift coefflcient of approxi-
mately 0.4 (fig. 4(b)). This irregularity in the pitching-moment char-
scteristics was also noted in reference 1 for the 2-percent-thick wing
and is possibly assoclated with an Iincreesed severity in tip stall
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resulting from shock formations. Support of the assumption thet stalling
of the tips 1s the cause of the pitch variation can be obtained from fig-
ure 4(a), which indicates a decrease in lift-curve slope at the same Mach
numbers and 1ift coefficients, and from the characteristics of the wing
with the tips removed as presented in a later section. The data of fig-
ures 4(a) and L(b) and of reference 1 also indicate that the irregularity
in pitching-moment characteristics decreases in magnitude as the Mach
number is increased above about 0.80.

A comparison of the curves of figure 5(b) shows that the pitching
characteristics of the 2-percent-thick wing were not appreciably affected

by increasing the Reynolds number from 1.8 X 106 to 9.1 X 106. As the

Reynolds number is decreased to 0.9 X 106, however, the pitching-moment
slope is more nearly linear at low and moderate 1ift coefficients and is
less negative in the low-lift range (fig. 9(a)).

For the 6-percent-thick wing, figure 9(a) indicates that there is
no meassurable scale effect on the pitching-moment slope at zero 1lift.
Figure 6(b) shows that for the thicker wing the initiasl shift in
aerodynemic-center position occurs at spproximately the same 1ift coef-
ficient through the Reynolds number range, but the shift is more gradual
at higher Reynolds numbers. Values of pitching-moment-curve slopes at
zero 1ift are shown in figure 9 to be slightly less negative for the
thinner wing through the Mach number and Reynolds number ranges tested.
Data of the present report and those of reference 1 show that for both
the 6- and 2-percent-thick wings the pitching-moment-curve slopes become
increasingly negative at the higher subsonic Mach numbers.

Drag characteristics.- Although at Mach numbers less than 0.4 both

wings had spproximately the same value of drag coefficient at zero 1ift,
the 6-percent-thick wing and wing-fuselage combination had lower drag
then the 2-percent wing and combination at low and moderate 1ift coef-
ficients (figs. 6(c) and 6(d)). This difference in drag at lifting con-
ditions 1s attributed to the fact that the leading-edge separation occurs
at a lower angle of attack, or 1s more extensive, for the 2-percent-thick
wing. As a result of this Increase in separation, less leading-edge
suction is realized and the drag due to l1ift 1s greater.

In order to correlate the separation drag in terms of sharpness of
the leading edge, the drag-due-to-lift factor ACD/CL2 for the wing-

fuselage configuration is plotted agesinst Reynolds number based on the
wing leading-edge radius in figure 10. This figure shows that at 1ift
coefficients of 0.2 and 0.3, the drag due to 1ift &t low speeds is
primarily dependent on the leading-edge Reynolds number, decreasing from
a value of spproximately 0.4 at a leading-edge Reynolds number R, of 300
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to approximately 0.22 at a value of Ry of 14,000. An increase in R,

to 21,400 produced only a small further decrease in *ACD/CLE. Figure 10
shows also that at the higher subsonic Mach numbers, the rate of change

of ACD/CL2 with R, 1is less than that indicated at the lowest Mach

numbers investigated. These drag-due-to-1lift data and those of other
investigations of-delta-wing~~body combinations have been assembled in

reference 12 to show that R, 1s a primary factor governing ACD/CL2

at Mach numbers less than 0.25 but that Reynolds number effects on
ACD/CL2 decrease considerably with increasing Mach nurber.

Meximum values of lift-drag ratio for the wing-fuselage configura-
tions are conslderably lower with the 2-percent-thick wing than with
the 6-percent-thick wing through the range of Reynolds number at Mach
numbers less than 0.4, the difference being approximately 28 percent
of the higher value (fig. 11). This difference lg a result of the _
higher values of drag due to 1ift shown previously for the thinner wing.
For the configuration having the 6-percent-thick wing, values of (L/D)max

varied approximately 10 percent through the range of Mach pumber inves-
tigated. The 1lift coefficient at which (L/D),, occurs for both thick-

nesses is about 0.15 throughout the range of tests.

Effect of Removing the Wing Tips

Lift charecteristics.- Removal of the outer 24.9 percent of the span

reduced the lift-curve slope up to angles of attack of approximately 4°
through the range of comparison (fig. 12(a)). Figure 13 shows that the
reduction in dCL/da at zero 1lift is approximstely that predicted by

theory (ref. 11) and is maintained through the Mach number range tested.

At 1ift coefficlents of 0.10 to 0.15 the formation of the separa-
tion vortex is indicated by the sudden Increase in lift-curve slope for
the clipped-tip wing (fig. 12(a)). 1In the case of the basic wing, how-
ever, the increase in slope is not realized at thise low lift coefficient
because the vortex is moving inboard and the tip sections lose effec-
tiveness, thereby offsetting some of the increase in 1ift due to the
camber effect. As a 1increases, the chordwise extent of the sepsration
bubble incresses until the entire tip chord of the clipped wing is covered
by the bubble. At thils point, the leading on the clipped wing is probsbly
similar to that on the complete delta wing. A further increase in o
then results in the same variation of 1lift coéfficient with angle of
attack for both wings. . - .-

Ghvangy



It should be mentioned that for wings of aspect ratio as low as that
of the clipped wing investigated (A = 1.39), increases in lift-curve
slope are possible without the existence of the geparation vortex (see,

for example, ref. 13). Several investigators have suggested that this

nonlinearity msy be represented by a term of the form am2, which would

indicate a graduasl increase of dCL/da with «o. Inasmuch as the increase

in lift-curve slope realized by the clipped wing at a 1lift coefficient of
about 0.1 is rather abrupt, it is belleved that this change in dCL/da

is due to the seperation vortex rather than to effects of low aspect
ratio.

The breaks previously noted in the full-delta wing data at a lift
coefficient of approximately O.4 and Mach numbers of 0.60 to 0.85 do
not appesr in the curves of the clipped wing. Values of maximum 1ift
coefficient for the two wings are about the same and occur st about the
same angle of attack.

Pitching-moment characteristics.~ Analysis of the curves of fig-
ure 12(b) shows that clipping the tips moved the aerodymamic center
forward at low 1lift coefficients O < Cp, < 0.4 . This is the result of

removing a quantity of lifting surface behind the wing serodynamic cen-
ter in the range of 1ift coefficients where the tips of the full-delts
wing are carrying load. The initial effect of the vortex flow on the
clipped wing is to cause & rearwaerd shift in serodymnamic center as a
result of the increased camber effect over the outboard sections. The
initial effect on the complete delta wing, on the other hand, is to
produce a forwerd shift in aerodynamic center resulting from the more
predominant tip-stall effect as previously discussed. At 1lift coeffi-
clents sbove about 0.6 the pitching-moment slopes of the two wings are
nearly the same, a further Indicaetion that the inboard progress of the
vortex is probably the same for both wings at the higher angles of attack.

Figure 14 shows that removal of the tips produced a positive incre-
ment in de/dCL of approximstely 0.l11 as compared with 0.07 predicted

by theory at zero lift through the range of Mach numbers from 0.4 to 0.85.
Both wings exhiblt a rearward shift in serodynamic center at the highest
test Mach numbers.

Removal of the tips eliminated the sudden forward movements in sero-
dynsmic center at Mach numbers between 0.60 and 0.85 (fig. 12(b)) as well
a8 the decrease in lift-curve slope previously noted in figure 12(a).

Drag charscteristics.- The drag coefficients are seen in fig-

ures 12(c) and 12(d) to be higher for the clipped wing at all moderate
1ift coefficients. Because the drag values at zero 1ift are virtually

e
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the same for the two wings, this difference in dreg due to 1lift can be
gttributed to the decreased aspect ratio. Figure 15 shows that at a
1lift coefficient of 0.2, clipping the tips increased the value of the

drag-due-to-1ift factor ACD[CL2 of the complete configuration by
approximately 0.1. Consideration of the experimental values of ACD/CL2

for the two wings and the theoretical values of ACD/CL2 for zero

R S
oCy,
573 S/

indicates that the clipped wing experiences z slightly greater propor-
tion of the theoretical leading-edge suction than does the full-delta
wing.

leading-edge suction and full leading-edge suction (1/rA)

As a result of the increased drag due to 1ift and the previously
mentioned decrease in llft-curve slope, removing the pointed tips
reduced the meximum value of llft-drag ratio of the wing-fuselsge com-
bination on the order of 20 percent through the Mach number range
tested (fig. 16). The 1lift coefficient at which (L/D) occurs is

approximately 0.15 for both wings.
SUMMARY OF RESULTS

An investigatlion was made to determine the effects of a reduction
in thickness ratio from 6 percent to 2 percent and of the removel of the
outer 24.9 percent of the span of a 60° delta~wing—fuselage configuration.
This investigation produced the following results. _

1. Reduction of thickness ratio at Mach numbers from 0.15 to 0.40
and Reynolds numbers from 0.9 X lO6 to O x 106

(a) Produced no chenge in the variation of 1ift coefficient
with angle of attack dCL/dm at zero 1lift, but increased the

value of dCr/da at moderate 1ift coefficilents

(b) Produced a more forward location of the aerodynamic
center at low and moderate angles of attack

(¢) Increased the drag due to 1ift at low &nd moderate
1ift coefficlents

(d) Reduced the maximum lift-drag ratio approximately
28 percent
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(e) Resulted in higher values of meximum 1ift coefficient
at Reynolds numbers less than 2 X 106 and lower values at
Reynolds numbers greater than 2 X 106

2. Removal of the pointed tips of the 6-percemt-thick wing at Mach
nunbers from Q.4 to 0.85 and Reynolds numbers of 3 X 106 to 6 x 100

(a) Reduced the value of dCL/dm at low lift coefficients

(b) Produced a positive increment in rate of change of
pitching-moment coefficient with 1lift coefficient of approxi-
metely 0.11 at zero 1lift

(c) Increased the drag due to 1lift

(d) Reduced the maximum lift-drag ratlio aspproximately
2% percent

(e) Had little effect on the values of maximum 1ift coef-
ficient at Mach numbers less then 0.80

(£) Eliminsted irregularities in the 1lift and pitching-
moment chargcteristics of the full-deltae wing at a 1lift coeffi-
cient of 0.4 and Mach numbers of 0.60 to 0.85

3. Drag due to 1lift of the complete-delta-wing configurations st
low speed was shown to decrease as the Reynolds number based on the wing
leading-edge redlus increased. At high subsonic Mach numbers, Reynolds
number effects on drag due to 1ift decreased.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronsutics,
Langley Field, Va., June 15, 1953.
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The c¢lipped-wing configuration mounted in the Langley low-
turbulence pressure tunnel.

Figure 2.-
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Figure 12.- Continued.
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